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post-sales applications, such as providing online customer service and support. Despite the growing volume of e-commerce in these sectors, little is known about the extent to which the Internet is facilitating various transactions and processes at the individual plant and firm levels. This lack of knowledge can in turn be attributed to a lack of systematic establishment-level data on firms' Internet usage. Earlier reviews of the diffusion of electronic business (e.g., Bakos, 2001, and LuckingReiley and Spulber, 2001 ) have provided excellent accounts of the initial stages of the diffusion. Nevertheless, these studies lack any systematic analysis of data and rely mostly on anecdotal evidence. A more detailed and updated look is required, as changes have taken place rapidly in recent years and several new considerations have become relevant. In this article, we provide a recent account of the diffusion of the Internet in manufacturing, retail, and services. The data we use come from the U.S. Census Bureau's E-stats Program (available online at www.census.gov/estats), which provides the first systematic, albeit limited, coverage of e-commerce activity in various sectors of the economy. For many industries, the data include industry sales from e-commerce, making it feasible T he commercial use of the Internet has been diffusing rapidly among consumers and businesses in the United States. As the dust of the shakeout in Internet-based industries settled, both firms and consumers started to increase their understanding of what the Internet is capable of and which Internet businesses are likely to be viable. Partly because of the much-publicized mass withdrawal of many firms from the Internet retail industry during most of 2000 and 2001, the Internet's effect on the retail industry has been the focus of both the popular press and academic research. Internet retailing, however, still represents only a very small fraction of online economic activity. In fact, the volume of business-to-business electronic commerce (e-commerce), representing online transactions within and across firms, is far ahead of the volume of business-to-consumer e-commerce, and it has been transforming the way many business transactions are carried out inside and outside of the firm.
Firms are increasingly finding new uses for the Internet-in the retail, services, and manufacturing industries-ranging from applications at the early stages of production, such as communicating and making transactions with suppliers, to to quantify the extent of diffusion across sectors. In addition, the dataset includes a large sample of plants from various manufacturing industries for which adoption of several Internet-based processes is documented, allowing us to have a first look at the Internet adoption patterns in U.S. manufacturing at the microeconomic level. In particular, we explore the role of plant size in Internet adoption, in view of the discussion of the Internet's role in small businesses compared with large businesses and the Internet's potential to reduce firm size.
We start with an assessment of the evolution of retail e-commerce, the sector that has drawn the greatest attention in the literature. We first provide some background on the general response and reorganization of industries in the wake of inventions and innovations so that we may put the evolution of this sector into perspective. We also present recent statistics on the growth rate of retail e-commerce and discuss the factors enhancing and impeding the adoption of e-commerce across retail industries. We then consider the services sector and document the extent of the diffusion of e-commerce in this sector. Finally, we investigate the adoption patterns in manufacturing.
We rank manufacturing industries according to their tendencies to adopt Internet-based processes at the plant level. We also highlight the relationship between firm size and adoption rate. Earlier studies have invariably found that firm size is a significant factor in the adoption of new technologies, with larger plants typically adopting at a higher rate than smaller ones. 1 This finding appears to apply broadly to the case of Internetbased processes, although there are some important exceptions. We conclude with a look at the future of the Internet's diffusion and prospects for further data collection by the U.S. Census Bureau.
RETAIL E-COMMERCE
During the past decade, a large number of firms entered the Internet's retail markets and then went out of business. While much has been written in the popular media regarding this mass entry and exit and the path that Internet retailing may follow in the aftermath, more work remains to be done to relate these patterns to the impact of other major innovations on retailing. Looking at this broader picture will help us assess the future prospects of retail activity on the Internet. Some guidance in this direction comes from what we already know about the growth patterns of industries following technological innovations. Many of the possibilities the Internet opens up for retailing are new, but some are only improvements over those that were once provided by other major inventions. In evaluating the Internet's impact, it is important to keep in mind that it is only part of the stream of technological breakthroughs that have gradually transformed retail industries.
Industry Life Cycles and Technological Revolutions
According to the industry life-cycle view, industries are like living organisms: They are born, they grow, and they reach maturity. Figure 1 traces the typical time pattern of the number of firms in an industry, from the commercial introduction of a product to the eventual stable state of the number of firms in the industry. An initial period during which only a few firms are active is followed by an episode of an escalating, and then peaking, number of firms that leads to a period of mass exit, called the shakeout. 2 Eventually, the number of firms stabilizes. This pattern is remarkably regular, and it applies to the evolution of many manufacturing industries as initially observed by Gort and Klepper (1982) and later confirmed by Agarwal (1998) for additional industries and longer time periods. Industry life cycles have also been well recognized in the theoretical literature, and several models have been offered to explain the nonmonotonic path that the number of firms follows. 3 What initiates the pattern in Figure 1 is a 1 See, e.g., Karshenas and Stoneman (1993) , Rose and Joskow (1990) , Oster (1982) , and Sommers (1980) . 2 There are exceptions to the pattern in Figure 1 , as observed by Gort and Klepper (1982) . Some industries do not experience a shakeout.
business opportunity, usually the innovation of a new product or a technological breakthrough that can be exploited commercially. But the lifecycle pattern is not necessarily confined to new manufactured products and also occurs in other industries that experience such breakthroughs. 4 Following a few first-movers, many firms enter the industry (phase I). However, it is uncertain whether an entrepreneur has the skills to be successful in the new industry, whether the new opportunity is indeed suitable for him, or whether the new product or process will be welcomed by consumers. This uncertainty gradually resolves over time, often when some entrepreneurs realize that the environment is tougher than they expected, or that they overestimated their capabilities. This realization almost invariably triggers the shakeout phase of the life cycle, during which failing entrepreneurs are weeded out and the number of firms declines sharply (phase II). The shakeout ends with the emergence of a set of surviving, successful firms, as the number of firms stabilizes (phase III). At least for manufactured products, total industry output grows throughout the life cycle, even during the shakeout, and the product price falls over time. 5 In the next subsection, we discuss the diffusion of FM radio broadcasting as an example of the patterns of industry evolution in the wake of technological inventions. For an example of a shakeout that took place on the Internet, see Day, Fein, and Ruppersberger (2003) , who consider the case of the shakeout in business-to-business electronic exchanges. As another example, Barbarino and Jovanovic (2003) consider the evolution of the telecom sector in recent years and propose a model of shakeout that embeds the idea of entrepreneurs overshooting the demand in the market by excessively investing in capacity.
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Evolution of the Number of Firms in an Industry 4 An example of life-cycle patterns in wholesale trade is given by Fein (1998) . More recently, Mazzucato (2002) compares the experience of the personal computer industry to the shakeout episode in the automobile industry. 5 See, again, Gort and Klepper (1982) and Agarwal (1998) .
The Diffusion of FM Radio
For an example of an industry life cycle generated by technological improvements, consider the commercial diffusion of FM radio broadcasting shown in Figure 2 . Much like the Internet, FM technology provided a new medium for broadcasting and opened up a business opportunity for both new and existing radio stations, which could make profits by airing advertisements.
In 1941, the year of the first authorization for commercial FM stations, only five stations were in operation. But the number of stations increased steeply after World War II, peaking in 1950, as the business opportunity was aggressively pursued by both new FM stations and the established AM stations diversifying into FM broadcasting. By 1949, about 85 percent of FM stations were owned by existing AM stations. The AM stations used FM stations frequently as an insurance against a possible demise of the AM technology and at the same time to deter entry by independent FM broadcasters. A shakeout followed between 1950 and 1957, during which 203 stations, about 28 percent of all stations at the peak, shut down. Thereafter, the number of stations rebounded and continued to grow steadily. 6 A similar pattern of early mass entry and shakeout was observed in the diffusion of AM radio and television stations, but the extents of the entry and the shakeout, their durations, and the reasons driving them were not the same. For example, in the case of AM broadcasting, the main force behind the shakeout was the regulation placed on broadcasting frequencies. In the case of FM stations, the reasons were uncertainty about the future of FM technology, lower-than-expected interest in the new medium from advertisers, competition from AM and television stations, and some conflicts arising from joint ownership of AM and FM stations. Such conflicts were also pertinent in the early experience of the Internet. That AM stations embraced FM technology to take advantage of synergies, as well as to deter entry by independent FM stations, is similar to the clash between entirely Internet-based retailers and traditional retailers adopting the Internet as a sales channel.
The Evolution of Retail E-commerce
For Internet-based retailers, the business opportunity was clearly not a new product, but rather a new medium through which business could be conducted. Businesses were mainly attracted to this retail medium for (i) its ease of communication between consumers and firms through reduced costs of both advertising and shopping around; (ii) the possibility of eliminating the traditional geographic market boundaries, which allows local entrepreneurs to compete in a wider market; and (iii) the scale and scope economies made possible by a central warehousing and distribution system that reduces the need for many local facilities and a labor force dispersed across several locations. 7 All of these factors appear to be important considerations for retailing. 8 The retail industry has benefited from many major innovations, such as the railroad, telegraph, automobile, radio, television, electric elevator, computer, and barcode and scanner technologies. Because doing retail business requires both the flow of goods and the flow of information from one location to the other, any improvement in transportation or communication technologies has an impact on the structure of retail industries. Earlier, the railroad-telegraph combination enlarged the market reach of local retailers and was crucial for the emergence of regional and national department stores and mail-order houses. Automobiles enhanced the physical connection of consumers and retailers, while radio and, later, television further contributed to the emergence of a national market for retailers by increasing the reach of advertising. In this sense, the Internet's effect on retailing is similar to that of other communication technologies, such as newspaper, radio, and television, that help match consumers with firms.
In Internet retailing, we have already witnessed the two phases of the industry life cycle, characterized by the rising and declining number of firms, respectively. What is most interesting about these two phases is that they occurred at a much faster pace than the historical average. A shakeout that spans several years, even decades, in a typical manufacturing industry spanned only a few months in the case of the Internet. Similarly, the initial entry of new firms was much more rapid on the Internet. This can be attributed to easy access to website-design technology that may have reduced entry costs in many, but not all, sectors and to faster diffusion of information about firms' attributes and performance, which probably sped up the demise of inefficient firms and enhanced the dominance of efficient ones. 9 It appears that the faster pace of these phases is not an entirely new phenomenon, but rather is in line with a gradually decreasing time frame in recent history. The time it takes for additional competitors to enter a new industry in the presence of a few dominant first-movers shrunk throughout the 20th century. Agarwal and Gort (2001) find that this time window decreased from an average of 33 years at the turn of the 20th century down to about 3.4 years for products introduced in the 1967-86 period. 10 Even use of the Internet itself has been diffusing much more rapidly among the U.S. population than major innovations in the past. This appears to be part of a broader trend, that the diffusion of major innovations has been increasingly faster over time. 11 The adoption of the Internet as a marketing and sales channel proved to be challenging. In the beginning, the tendency to adopt was quite different for two groups of retailers: existing retailers with established traditional market functions and facilities compared with entirely new entrepreneurs who had no traditional market presence. Even though the website-design technology was available at a low cost to almost anyone who wanted to start a retail business, the cost of investing in warehousing and distribution facilities, which are required for large-scale retail operations, is high in some sectors. Established retailers in such sectors seemed to have an edge with respect to new entrepreneurs, so it is surprising that they were the latecomers. 12 The reluctance of existing retailers to diversify to the Internet market stemmed partly from the potential problems associated with harmonizing traditional and Internet retail channels, giving rise to channel conflict. This conflict comes in many forms, including the resistance of the firm's traditional operations and subunits to the possibility of being replaced by the Internet, the incentives for free riding by traditional market rivals on the product information and related services provided directly on the firm's website, and the possibility that a firm's business on the Internet might compete for its own clientele in the traditional market. 13 Nevertheless, channel conflict currently appears to have lost its role as a major concern in deterring existing retailers from diversifying. Eventually, for well-known traditional retailers, their established names, their ability to raise funding to finance new ventures, and their existing warehousing and distribution facilities allowed them to enter the Internet market strongly. In some product categories, however, the largest online sales today are still made by pure online retailers and by manufacturers selling their products directly, rather than by diversified traditional retailers. 14 During its emergence and early growth, Internet retailing was largely free of regulation. However, one important and persistent policy has been the absence of taxes. Like catalog retailing, Internet commercial activity is free of tax as a result of a moratorium initiated in 1998 that continues to apply. While there has been no other special "infant industry" protection program for Internet retailing, the no-tax environment clearly encouraged the growth of the industry by favoring Internet firms over local firms. Goolsbee (2000) provides preliminary estimates that imposing taxes would have reduced the sales on the Internet by 25 to 30 percent. 15 The evolution of this industry was therefore positively influenced by the absence of taxes. In addition to aiding the growth of Internet retailing, the tax-free environment had some implications for the location of Internet retailers' sales offices and warehouses. Since the shipments within the state where the firm is physically located are subject to local taxes, there are incentives to avoid populous states. However, the tax break neither changed the main course of the industry's evolution nor prevented the shakeout. With taxes, we would have probably observed fewer sales and a smaller number of firms, but no major changes in the trends.
Some Effects of the Internet on Retail Industry Structure
The Internet is a hybrid medium that is capable of combining two basic methods of exchanging information in a market: advertising and shopping around. The reach of the Internet makes these two functions truly global. As a consequence, the location of demand has less influence on retailer location. The geographic separation between the locations of demand and supply can increase the scale and scope of a retailer.
Internet retailers that can dominate the market in a certain category of products are also able to easily expand their operations into other categories. Amazon.com is a good example. Amazon started as a book retailer but now sells many different products. This replicability or expandability, 15 Also see Ellison and Ellison (2003) for a smaller-scale, but morerecent, analysis of the effects of sales tax on Internet retailing. 
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12 Some Internet-based firms, however, overcame this difficulty by using a method called "drop-shipping," which allowed them to use manufacturers to ship products on their behalf. This reduced the investment needed in warehousing and shipping in some cases.
in some cases through linkages with traditional retailers, is due to the fact that adding a new product to the existing set of products is probably much easier and cheaper on the Internet. Basically, all that needs to be done is to create digital space for the new product on the website and physical space in the warehouse. Big Internet firms such as Amazon.com have a much wider range of products than traditional big firms, such as Wal-Mart. In addition to the availability of lower prices, the proliferation of varieties on the Internet is a key feature that increases consumer welfare. 16 Besides enhancing search and advertising, the Internet also offers interactivity. Unlike other media, it allows for a two-way exchange of information between consumers and firms and can also be used to record and store this informationthe various steps of this exchange-for future use. This latter feature of the Internet is especially useful for retailing because it makes it possible for firms to learn about consumers' preferences by analyzing their shopping patterns. This type of information extraction works in favor of customization of goods and services to satisfy finer individual tastes. In this respect, the Internet is an advanced form of the scanner technology used at the checkout counter that previously revolutionized retailing by allowing firms to monitor what consumers bought. The Internet also enables firms to target consumers individually or in small groups, unlike other communication tools, such as radio and television, which can at best target large, coarsely defined groups of consumers.
The Internet also offers firms the possibility to monitor rival firms' strategies more closely, especially their prices and promotional efforts, making it easier for firms to respond quickly to changes in rivals' strategies. The costs of pricing products and adjusting prices, referred to as menu costs, appear to be much lower on the Internet. 17 This feature is likely to speed up the pace of competition in retail markets.
What will be the main characteristics of retail industries on the Internet in the future? Will the industry structure look more like a competitive industry or a monopolistically competitive one, with many small firms each serving a particular niche in the market? Or will it be more concentrated with a few large firms dominating the market for a particular product type or many product lines simultaneously? It is too early to answer this question convincingly. Clearly, there are features of the Internet that can promote entry, competition, and fragmentation. Initially, it was believed that low entry costs associated with operating a website might foster entry and competition. However, the Internet also provides an environment in which the scale and scope of operations can be expanded at very low cost and information about a firm's attributes can be disseminated easily; it also can give rise to firms that can quickly become large. These features can lead to high concentration.
While some early findings suggest that industry concentration ratios on the Internet were initially much higher than their traditional market counterparts, there is no overwhelming evidence that this is the case. In one of the earlier studies, Latcovich and Smith (2001) find that industry concentration is much higher on the Internet than in the traditional market in the case of book and music retailing. The authors also report that advertising and promotion efforts are more intense on the Internet compared with the traditional market. Thus, post-entry "sunk costs" in the form of investment in advertising and customer loyalty programs may be an important aspect of competition. Such investments have the potential to deter entry and lead to a highly concentrated market structure. 18 In a more comprehensive study, Noam (2003) also points to high concentration, as measured by the Herfindahl-Hirschman index (HHI), in several industries for the pre-2002 period. 19 He finds that the Internet sector's overall concentration was high, and concentration initially declined 18 For theoretical arguments behind this, see Sutton (1991) . Also see Dinlersoz and Yorukoglu (2003) for an alternative analysis of the role of the lower cost of advertising in changing market structure. 19 The Herfindahl-Hirschman concentration index is defined as the sum of the square of participant firms' output market shares. The average HHI in their sample, though, is much lower than those in Noam (2003) . The authors conclude that differences between the industries analyzed and in the market definitions may be the cause for the discrepancy between the two studies.
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In some markets, such as for local Internet access providers, there are many competitors for any given town and concentration is low. In other markets, such as for broadband providers in a city, there are only a few competitors and concentration is very high.
Aside from the evidence discussed so far, there is no systematic comparison of concentration levels in traditional versus Internet markets. One of the important issues in such a comparison is the comparability of the industry definitions in U.S. Census Bureau data on traditional retail industries and the data collected independently by individual researchers on Internet industries. The main data source on traditional retail industries, the Census of Retail Trade, provides concentration measures at the four-digit industry level, which usually consists of several products. Most of the data privately collected by researchers, on the other hand, are compiled at the product level. Unless such product level data are aggregated to the four-digit industry level, compatible with the Census Bureau's industry definitions, a direct comparison of the concentration ratios is not possible. A second issue is the definition of the concentration ratio itself. The Census of Retail Trade reports only n-firm concentration ratios, such as a fourfirm or an eight-firm concentration ratio. 20 To be comparable with these definitions, independent data collected by researchers must contain enough information to calculate similar ratios. These shortcomings point to a demand for more organized data collection by the Census Bureau, an issue we return to in our conclusion.
The Growth of Retail E-commerce Sales
Despite the shakeout, retail e-commerce sales have been growing at a steady pace over the years, as shown in Figure 3 . While the current share of retail sales accounted for by e-commerce is still very low (around 2 percent), its growth rate is very high. As total retail sales grew at an average rate of 1.3 percent quarterly over the sample period, e-commerce sales exhibited an average growth rate of 8.6 percent. The strong seasonality in e-commerce sales is also apparent from Figure 3 , with fourth quarters exhibiting exceptional growth, due to the surge in online shopping during holiday seasons.
The sectoral breakdown of the share of retail e-commerce sales is shown in Table 1 . In almost all sectors, the share in 2002 was less than 1 percent, and the differences across sectors were not highly perceptible. Table 2 presents the percentage of sales accounted by e-commerce by merchandise line, considering only the firms classified as "electronic and mail-order houses." The electronic and mail-order houses industry includes all catalog and mail-order houses and other direct retailers, many of which sell in multiple channels, as well as pure Internet-based firms and hybrid "brick-and-click" retailers, if the e-commerce group operates as a separate unit and is not engaged in the online selling of motor vehicles.
The diffusion of e-commerce sales was relatively rapid and widespread among electronic and mail-order houses compared with other retail sectors, and differences across merchandise lines in the share of e-commerce are more visible in this industry. In 2001, the highest shares were observed in books and magazines, electronics, and music and videos. Relatively low shares were observed in food, beer and wine, clothing and apparel, and drugs. 21 These observations make clear that the nature of the product matters for the extent of the diffusion. However, the differences across categories are expected to vanish over time as both sellers and buyers experiment with various product types 21 Part of the lack of growth observed in beer and wine e-commerce sales is probably related to the restrictions set on interstate shipments of alcohol by many states. and discover which products within a category are most conveniently and cost-effectively traded online. Such convergence is already happening to some extent. Some product categories in which e-commerce had little share initially have exhibited strong growth. Examples are food, beer and wine, furniture and home furnishings, and clothing. This growth is likely to be a result of consumers and firms becoming more familiar with the Internet environment and overcoming the concerns they initially had about the medium.
Many other sectors that were once thought of as relatively unsuitable for Internet retailing have been on the rise. A very recent example is jewelry. 22 Mullaney (2004) reports that Internet-based startups are slowly taking over this product category, especially in diamonds. The main reason for the success of Internet-based firms appears to be the substantial cost savings for online retailers in selling diamonds, for which sales traditionally involve several stages before the item reaches the customer. These layers of middlemen, experts, appraisers, and sales force are dramatically reduced for online sellers. 23 As diamond sales on the Internet increase, some traditional retailers that specialize mostly in standard diamond types may lose their market share. On the other hand, some other traditional retailers rely more on image and brand, so that customer loyalty to their name makes them relatively less vulnerable to the effects of increasing online sales. In the meantime, many other small traditional retailers are facing a choice between focusing on more specialized (compared with standardized) diamonds so that they can avoid direct competition with online retailers. This behavior of traditional retailers is just one example of retail industries' reorganization in response to the emergence of e-commerce and is 23 It is estimated that a physical chain would need 116 stores and more than 900 workers to match the sales of the leading firm in the Internet market (see Mullaney, 2004 ). 
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SERVICES AND THE INTERNET
Services industries have also been embracing the Internet rapidly, even though the overall share of e-commerce in total revenues is still below 1 percent, as shown in Figure 4 . In some ways, the affinity between the Internet and services industries is not very surprising. Services industries in general have been quick in adopting the basic technologies such as computers and Internet access. Moreover, since many service products are essentially information goods that come in digital form, they can be easily traded online. Examples are publishing services, information services, travel reservations, and even mortgage lending and stock trading. Such goods that can be traded in digital form are bound to become dominant categories in online retailing, as argued by Dinlersoz and Pereira (2004) , because they can be conveniently delivered and returned by e-mail, they can bypass wholesale and retail layers, they require neither physical storage space nor transportation, and online demos make product information easy to obtain and product quality easy to verify. Therefore, both firms and consumers stand to gain substantially by trading digital goods online.
In general, digital products are different from non-digital products, including their pricing and distribution. For such goods, the initial fixed production cost tends to be high, but the marginal cost is generally low. For instance, a computer program may have a substantial development cost, but producing a copy of it is relatively simple and cheap. These peculiar features of digital goods have been the subject of recent research. 24 Table 3 contains the share of e-commerce sales for various services. Sectors leading in the penetration of e-commerce sales are publishing, online information services, securities and commodity contracts intermediation and brokerage, computer systems design and related services, and travel arrangement and reservation services. 24 See, e.g., Varian (1995 Varian ( , 2000 Varian ( , 2001 ). Many sectors still have low penetration rates. The data for certain sectors are not of high quality and await further development and refinement in the collection process. Furthermore, some sectors, such as mortgages-a rising sector on the Internethave not been included. The travel industry is far ahead of any other industry in the services sector in terms of its share of e-commerce. The importance of a consumer's ability to search and the dynamic nature of travel arrangements make this category very suitable for e-commerce. The demand, capacity, and prices are relatively more volatile and seasonal in this industry, implying that real-time price changes can be monitored by both firms and consumers more easily online than offline. Furthermore, transaction costs are much lower for this industry online than offline, and travel firms are able to pass these cost savings on to consumers in the form of lower prices. Another attractive feature of online travel reservations is that a consumer can select different elements and stages of a trip, such as flight, hotel, car rental, and local tours, in one big bundled reservation. This flexibility in bundling is a source of utility for consumers. This kind of bundling also existed in traditional markets for a long time, but the travel websites make it much easier and much more flexible. Considering all the benefits of online shopping, the travel industry is a prime candidate for becoming the first big industry with the majority of its sales online.
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MANUFACTURING AND E-COMMERCE
The Census Bureau's survey of e-commerce activity indicates that industry penetration of the Internet with e-commerce sales has been highest in the manufacturing sector, followed by wholesale, services, and retail. Not surprisingly, manufacturing also leads in terms of the Internet's impact on business-to-business transactions. In fact, the Internet's biggest and most immediate impact has been reduced transaction costs and enhanced efficiency in many ordinary business exchanges between firms and within a firm, rather than between firms and consumers. In the next two sections, we document the diffusion of several important Internet-based processes used by manufacturing plants in facilitating stages of production.
Leading Sectors and Processes
To understand the extent and prevalence of manufacturing plants' use of Internet-based processes, we present two simple rankings. Table 4 ranks industries in terms of plants' tendencies to use the Internet for various processes. 25 Here, we assume that a plant in industry i adopts process j with probability p ij independently of other plants. We then compute p ij , an unbiased estimate of this probability, as the ratio of the number of plants in industry i that adopted process j, n ij , to the total number of plants surveyed in industry i, N i . 26 After obtaining estimates p ij for each industry i and for each process j, we simply ranked industries according to the rate of adoption of each process and then took the average of these ranks across all processes by industry. We then ranked industries based on this "average rank." The resulting ranking in Table 4 reveals that industries that are generally perceived to be technologically 25 A shortcoming of the data is that we do not have information on the intensity of usage of a process in a plant. Thus, we only summarize adoption as an all-or-nothing decision, even though firms may have different degrees of usage intensity after adoption. 
advanced, such as machinery, electrical equipment, computer and electronic products, and transportation equipment, tend to rank high. These industries are also the ones where computers have traditionally been applied in various ways. Industries that are at the bottom of the list are wood products, nonmetallic mineral products, and furniture and related products.
The second summary, shown in Table 5 , is the ranking of Internet-based processes based on their rates of adoption in different industries. As in Table 4 , we first ranked all processes for each industry in terms of adoption rate and then calculated the average rank for each process across all industries. The most heavily adopted processes are basic Internet access and degrees of access, access to vendors' products or catalogs, and ordering from vendors. The least adopted processes are provision of inventory data for external customers and provision of order status information for external customers.
Somewhat surprisingly, the adoption rates of online bidding and use of electronic marketplaces are relatively low. These processes are precisely the ones that were initially thought to be revolutionary. Day, Fein, and Ruppersberger (2003) argue that the limited success of these applications can be attributed to the fact that online exchanges did not dramatically alter the existing way firms manage their supply chains. Firms value obtaining the right combination of products at the right time, and coordinating complex production activities is easier with a dedicated, traditional supply chain. The cost savings offered by online exchanges were simply not enough to convince firms to sacrifice other aspects of production, such as timeliness and access to preferred brands. 
Plant Size and Adoption Rate
The increasing use of the Internet for transactions within and across firms has also raised the question of whether the rate of usage is closely associated with firm size. A related issue is how adoption of Internet-based processes affects firm size. As Varian (2002) pointed out, it is not clear in which direction firm size will move as Internetbased transactions continue to replace traditional ones. The answer depends on the relative magnitudes of competing forces. If Internet-based transactions reduce the costs of using external markets by more than they reduce internal transaction costs, then firm size can decrease. The data available are not suitable for a full analysis of the Internet's effect on firm size, but they are informative with respect to the role that plant size plays in adoption.
We can estimate the rates at which certain Internet-based processes are adopted by plants of different sizes. For 10 employment size groups, the data contain the number of plants that have adopted a certain Internet-based process at the time the survey was conducted. 27 We can again assume that the population of plants in size group k is generated by a Bernoulli distribution with parameter p ijk , which can be estimated as the ratio of the number of plants in industry i that adopted process j, n ijk , to the total number of plants surveyed in this size group, N ik . In other words, a plant in size group k adopts the process with probability p ijk independently of other plants in the size group and in other size groups. 28 The sampling procedure used by the census is a probability-proportional-to-size sampling scheme in that large plants are sampled with higher frequency and small plants are underrepresented in the sample. Therefore, the standard errors on the estimates for smaller plants are in general higher. 29 As an example, consider the estimated rate of Internet access by plant size in Figure 5 . The smallest plant size group has an estimated adoption rate of 48 percent compared with 98 percent for the largest group. For larger size groups, the estimated values are higher and the estimated standard deviations are lower, in part reflecting the sampling scheme mentioned. Consequently, the confidence intervals are narrower for larger size groups and the differences between estimated adoption rates are usually highly significant across size classes, with a few exceptions.
The pattern in Figure 5 is generally applicable to a majority of the processes. In some cases, the standard deviations of the estimates increase with plant size, implying that there is much variation in the adoption rate among large plants, after controlling for the fact that they are represented more heavily in the sample. In the following discussion we will focus on characterizing whether the adoption rate generally exhibits a positive and statistically significant relation to plant size.
For a compact presentation of the patterns, we aggregated the 10 employee size groups into three size classes: small plants (with 1 to 20 employees), medium plants (with 21 to 99 employees), and large plants (with 100 or more employees). Table 6 confirms that in many cases there is a statistically significant increase in the adoption rate as plant size increases. Exceptions occur for some important processes, however. In the case of placement of orders for materials and supplies, the adoption rate declines with plant size, as shown in Figure 6 . A similar pattern is observed for acceptance of orders for manufactured products, as seen in Figure 7 . While these exceptions deserve further exploration, lack of plant characteristics prevents us from reaching a definitive conclusion about the adoption rate/firm size relationship. 30 Since larger plants are more likely to be vertically integrated, it is quite possible that these plants rely less on the Internet to access outside suppliers. This explanation may also apply to the case of accepting orders online, albeit to a lesser extent.
. A 95 percent confidence interval for the true adoption probability, p ijk , is then given as . 30 Plant characteristics are available from the U.S. Census Bureau, but only for on-site usage, as they are classified as confidential data. to 249, 250 to 499, 500 to 999, 1000 to 2499, and 2500+ employees.
28 For simplicity's sake, we make the assumption that a plant's adoption decision is independent of the overall adoption rate in the industry. Externalities in adoption are likely to affect the probability of adoption for at least some processes. 29 The estimated standard deviation of the estimated probability, denoted by p ijk , can be obtained as Two other processes deserve attention. It appears that plant size has little effect on the adoption rate of online bidding and use of electronic marketplaces, as shown in Figures 8 and 9 . While sampling errors may contribute to these two patterns, there does not appear to be a highly statistically significant increase in the adoption rate of these two processes as plant size increases. In fact, both processes are adopted with a rate of less than 20 percent by plants of all sizes. The low adoption rates of these two processes notwithstanding, virtually indistinguishable rates of adoption across a wide range of size classes suggest that large plants may be benefiting from these external market activities as much as small plants are. Obviously, without the intensity of usage of these two processes by plants, a definitive conclusion cannot be reached based on only adoption rates. Nevertheless, one might have expected a priori that small plants adopt these two processes at a higher rate than larger ones, as smaller plants may rely more on these external market activities because of a lack of internal subunits that focus on individual stages of production and procurement.
One of the conjectures about the Internet's impact on the organization of production was that it would lead to more vertical disintegration. Along Coase's (1937) arguments, if the cost of making transactions outside of the firm declines, firms should have increased incentives to carry out these transactions with outside specialists, rather than within the firm. While our results do not offer any direct evidence on the issue, they suggest that, at least for some stages of production, this may be happening to some extent. Most processes are adopted at a higher rate by larger plants. Some of these processes are those that can induce vertical disintegration, such as placement of orders for materials and supplies online, ordering from vendors, payment to vendors, online bidding, use of electronic marketplaces, and outsourcing of research and development. As such processes are adopted with higher frequency and intensity, plants and firms may reduce the size of internal units undertaking these functions or eliminate them altogether. 
CONCLUSION
In this paper we have provided a brief account of the diffusion of e-commerce in major sectors of the economy. E-commerce appears to have followed a course of promising growth, much like other industries did in the wake of technological revolutions in the past. Both firms and consumers have learned much, and all parties are now better informed about what to expect in online markets and how to realize these expectations. However, some concerns about faster diffusion of e-commerce persist: for example, improving online security for payments and transactions and improving the quality and speed of transactions. 31 In summary, some of the important observations presented in this paper are as follows:
• In the retail sector, we have witnessed a rapid development of the two initial phases of the e-commerce life cycle: an initial increase in the number of firms followed by the subsequent shakeout. Although the current share of retail sales from e-commerce is still low, the sector has had high growth rates recently.
• Internet retailers that can dominate the market in a certain category of products seem more capable of expanding operations into other categories, and a vast array of product varieties has proliferated in Internet markets. Patterns observed so far suggest that the variety of goods and services offered on the Internet is bound to increase. • In the services sector, the travel industry is far ahead of other industries in share of sales accounted for by e-commerce.
• The volume of business-to-business e-commerce transactions far exceeds that of business-to-consumer e-commerce transactions. This is particularly true in the manufacturing sector, where nearly all stages of production have been affected by Internet use.
• Manufacturing industries perceived to be technologically advanced tend to rank high in the adoption of Internet-based processes used to facilitate production.
• Although the most heavily adopted processes include obvious ones (e.g., basic internet access and degree of access and access to vendors' products or catalogs), other processes initially thought to thrive on the Internet (e.g., bidding and use of electronic marketplaces) have not been widely adopted.
• Analysis of adoption rates of several Internet-based processes across plant sizes and manufacturing industries reveals that, generally, there is a positive and statistically significant relationship between adoption rates and firms' plant size.
As always, the burden of recording the effects of the ongoing technological revolution rests on the shoulders of data collectors. The steps taken so far by the U.S. Census Bureau are encouraging, but much more remains to be done. 32 In our view, the collection of data pertaining to e-commerce activity should be taken to the mainstream. 33 For instance, new survey questions can be added to the Census of Manufacturers, a quinquennial dataset collected by the Census Bureau that contains information on all active manufacturing plants, to gather detailed information on plants' various uses of the Internet. This practice would allow us to understand the importance of digital inputs in the production processes and how the intensity of usage of such inputs compares with traditional inputs of labor and capital. Any substitution among these various inputs that can take place in the medium-and long-run can then also be detected.
Furthermore, data on the intensity of the use of Internet-based processes should also be collected, rather than just information on whether a process is adopted or not. Several processes investigated in this paper can be measured in a continuous way, rather than with a discrete "adopt versus 32 Haltiwanger and Jarmin (2000) provide a good list of broad areas in which data collection efforts can be concentrated. 33 There is also some private effort to collect extensive data, especially on prices. See www.nash-equilibrium.com for an Internet price index tracker. not adopt" decision. For instance, one could measure the amount of orders received on the Internet versus those received by way of traditional channels. The retail trade surveys, such as the Census of Retail Trade, can be amended to include data on retail e-commerce, especially firm-level data on e-commerce sales. As mentioned earlier, one of the major drawbacks is the absence of e-commerce sales data at the firm level. If such data were collected by the Census Bureau, concentration ratios for electronic markets, as well as statistics on firmsize distribution, could be constructed. These statistics could then be used to fill the void in our understanding of how traditional and electronic markets compare in various dimensions. Existing data do not allow a satisfactory treatment of this issue, partly because comparable data across the two sectors are not easy to obtain, and most data do not provide a comprehensive coverage of one market or the other.
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APPENDIX
DATA
The data used in this article come from two U.S. Census Bureau reports on electronic economic activity. The first is the "E-commerce Multi-sector Report" and the second is the "E-business Process Use by Manufacturers, Final Report on Selected Processes." Both of these reports are available online at www.census.gov/estats/.
E-commerce Multi-sector Report
The data on e-commerce economic activity for the three industries we analyze are collected in three separate Census Bureau surveys. First, data on retail e-commerce sales are collected in the "2002 Annual Retail Trade Survey," a survey of more than 19,000 retailers. More recent data on retail Internet sales (such as those used in Figure 3 ) are available as part of a quarterly retail e-commerce series. Revenue data on selected services industries are collected in the "2002 Service Annual Survey," a survey of more than 58,000 firms. Finally, data on the value of manufacturing e-commerce shipments are collected in the "2002 Annual Survey of Manufactures," a survey of more than 55,000 manufacturing plants.
The estimates in Figure 3 are reproduced from the August 20, 2004, release, "Retail E-commerce Sales in Second Quarter 2004," produced by the Census Bureau. Estimates are not adjusted for seasonal variation, holiday or trading-day differences, or price changes. For additional details, please see www.census.gov/mrts/www/current.html.
The estimates of e-commerce shares of total sales or revenues (and their standard errors) in Tables  1, 2, and 3 are reproduced from Tables 5 and 5A, 6 and 6A, and 4 and 4A, respectively, in the "E-commerce Multi-sector Report."
E-business Process Use by Manufacturers
This report tabulates the responses of more than 38,000 manufacturing plants to 39 questions about Internet-based processes used at the plant level. These responses were collected in the "Computer Network Use Supplement" to the "1999 Annual Survey of Manufactures."
The estimates of adoption rates of Internet processes reported in Figures 5 through 9 for manufacturing plants were obtained from the authors' own calculations based on the tabulations of the "E-business Process Use by Manufacturers" report. The same tabulations were used to calculate the rates of adoption of Internet processes to rank manufacturing industries in Table 4 , to rank Internet-based processes in Table 5 , and to contrast the adoption rates of several processes across three aggregate manufacturing plant size classes in Table 6 .
